CALIFORNIA DIVISION OF MINES AND GEOLOGY
FAULT EVALUATION REPORT FER-1401

November 5, 1380

*

1. Mame of Faults

i?,’ ;H-mrﬂ ﬂf ﬁw
Hayward fault (noﬂthigf“un%vers*ty~¢f~€a++€afn%a), and Wildcat fault

of Bishop (1973).

2. Laecatlon of Fault

Contra Costa and Alameda Counties, Richmond and Mare lsland 7.5 minute
quadrangles (see Figure 1).

3. Reason for Evaluation

Part of l0~year program to evaluate and revise Alquist-Priolo Special
Studies Zones maps {see Hart, 1980) (see Fﬁ”" ZA¢B).

4, List of Raferences*

Berry, F.A.F., 1974, Report with respect to site stability and earthquake
hazard, ""Parcel F', Montrose Road near Spruce Street, Berkeley, Califor-
?Ia: gngub!lshed consulting report filed with the City of Berkeley

c¥ 167).

Bishop, €.C., 1973, Active faults and tsunaml risk map, in Bishop, et al.,
Geologlcal and geophysical investigations for Tri-cities Seismic Safety
and Environmental Resources 5Study: California Division of Mines and Geo-
logy, Preliminary Report 19,

Bishop, C.C., Knox, R.H., Chapman, D.A., Rodgers, and Chase, G.B., 1973,
Geologica! and geophysical investigations for Tri-cltles Selsmic Safety

* Referances cited include supplements or amendments to the cited reports,
and review comments by the local Jurisdiction's geologist. Also included are
Alquist=-Priolo file numbers (e.q., APF1008) and Informal consulting report file
numbers (&.g., C#327) assigned by CDMG.
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Figure 1. Location of Mare 1zland and Richmond quadrangles.
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and Environmenta! Resources Study: California Division of Hines and Geo~=
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p. 305-316.
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187-199.
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Studies Zones, Mare island quadrangle.

, 1974b, Official map of Speclal Studles Zonas, Richmond quadrangle.

Case, J.E., 1963, Geology of a portion of the Berkeley and San Leandro Hills,
california: Unpublished PhD thesls, University of Callifornta, Berkeley.

Earth Sciences Assoclates, 1976, Geologic report as required by the Alquist-
Priclo Special Studies Zones for Whitecliff Knolls, Richmond, California:
Unpubl ished consulting report filed with the Clty of Richmond (AP# 245),

, 1977a, Geologic report as requlired by the Alquist-Priolo Act for
nda Proparties, San Pablo, Callfornia: Unpubl ished consulting report
filed with the City of San Pablo, (APF 557).

1977b, Geologic report as required by the Alquist-Priolo Act for
Rancho Drive-In property, San Pablo, Catifornla: Unpublished consulting
report filed with the City of Berkeley (APF 566).

, 1978, Geologlc study, Whitecliff Villiages, Unit 3, Phase 5: Un-
subTTshed consulting raport filed with the City of Berkeley (AP# 1023).
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, 1976b, Denny's Restaurant site, San Pablo Dam Road and inter-
state 80, San Pablo, California, geologic arid selsmic hazards Investiga-
%Ion: Unpublished consulting report flled with the Clity of San Pablo

APF 331).

Engeo, Inc., 1977a, Proposed Chevron service statlon and car wash, San Pablo,
Californfa: Unpublished consulting report filad with the Clty of San
Pablo (AP#F AAS),
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, 19775, Geologic Investigation for Villa Mira Vista, Richmond,
allfornia: Unpublished consulting report filed with the City of Rich-
mond (APF 733).

, 1978a, 3-Acre lot, Arlington Boulevard, Kensington, California:
Bng? shed consulting report filed with the County of Contra Costa (AP¥
34).

, 1978b, Arlington Car Wash addition, Richmond, California, Al-
quist-Priolo investigation: Unpublished consulting report filed with the
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Hallenbeck-McKay & Assoclates, 1975a, Preliminary geologlc study, Lot 6 -
refarence number 61-2580-42-3, Assessor's Map E1 - City of Barkeley:
Unpublished consulting report filed with the City of Berkeley (AP# 350).

, 1975b, Preliminary geologic report and fault study, 1518 Hawthorne
Terrace - Berkeley, California: Unpublished consulting report filed with
the City of Berkeley {C# 169).

, 1976, Geologle hazards investigation for residential property,
San Dlego Road, Berkeley: Unpublished consulting report flled with the
tity of Berkeley (C# 166).

, 1977, Geologic hazards Investigation, minor subdivision, Lot 24,
HTghland Park, Kensington, Callfornia: Unpublished consulting report filed
with the County of Contra Costa (APF 40B).

Harding-Lawson Associates, 1974, Preliminary geologic hazards study, Cragmont
School, Berkelay, California: Unpublished consulting report for the Berk-
eley Unlfied School District (C# 168).

Harding, Miller, Lawson & Assoclates, 1972a, Fault risk evaluation, proposed
additlon, Natural Sclences Buflding, Contra Costa Collage, San Pable,
Callfornia: Unpublished consulting report for Contra Costa College (C# hub).

, 1972b, Fault risk evaluation for addition, Natural Science Bulld-
Tng, GContra Costa College, San Pable, California: Unpublished consulting
report for Contra Costa College (C# 4b4).

, 1973a, Geologlc hazards investigation, building site at parking
area &, Contra Costa College, San Pablo, California: Unpubl ished consult=
ing report for Contra Costa College (c# hih),

, 1973b, Supplemental report, geologic hazard linvestigation, park-
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Ing areas 6 and 7, Contra Costa Coilege, San Pablo, Californla: Unpublished
consulting report for Contra Costa College (C# Luh).

Hart, E.W., 1980, Fault-rupture hazard zonas in California: Californla Divl-
sion of Mines and Geology, Spacial Publication b2 (third revision).

Herd, D.G., 1978, Map of Quaternary faulting along the northern Hayward
fault zone: U.S. Geological Survey, Open-File Report 78-308.

Lawson, A.C., and others, 1908, The California earthquake of April 18, 1906;
Report of the State Earthquake Investigation Commission: Carnegie Instl~
tute of Washlngton.

Louderback, G.D., 1947, Central Callfornia earthquakes i{n the 1830's: Bulle=
tin of the Salsmological Sociaty of Americs, v. 37, p. 33-7h4.

Nason, R.D., 1971, Investigation of fault cresp in northern and central Cal-
ifornta: Unpublished PhD thesl!s, Unlvarsity of California, San Diego,

Radbruch, D.H., 1967, Approximate location of fault traces and historle sur~
face ruptures within the Hayward fault zone betwesern San Pablo and Warm
Springs, Ca)lfornia: U.S. Geological Survey, Miscellaneous Geologic In-
vestigations Map [-522,

, 1968, Map showing recently active brasks ajong the Hayward fault
zone and the southern part of the Calaveras fault zone, Callfornia: U.5.
Geological Survey Open-Flle Map.

Ragbruch, D.H., and Lennert, B.J,, 1966a, Damage to culvert under Mamorial
Stadium, University of Callfornia, Berkeley, in Tectonic creep in the
Hayward fault zone: U.S. Geologlcal Survey, CTrcular 525, p. 3~6.

, 1966h, Damage to culvart under Memorial Stadlum, University of
Callfornia, Berkeley, caused by s!ippage in the Hayward fault zone:
Bulletin of the Sefsmological Socisty of America, v. 56, p. 295-30h,

Radbruch-Hall, D.HK., 1974, Map Shuwing recently active braaks along the Hay-
ward fault zone and the northern part of the Calaveras fault zone, Cali-
fornia: U.5. Geological Survay, Mlscellaneous Investigations Map 1-813.

Russell, R.J., 1926, Recant horlzontal offsets along the Haywards (sic) fault:
Journal of Geology, v. 34, p. 507-511.

Sims, J.D., Fox, X.F., Bartow, J.A.,, and Helley, E.J., 1973, Pretiminary geo-
- laglc map of Solano County and parts of Napa, Contra Costa, Marin and Yolo
Counties, Callfornla: U.S. Geological Survey, Miscellaneous Fleld Studles
Map MF-484, '

Soares, A.R., and Assoclates, 1977, Soll and geologic Investigation for
Lots 12 and 17, Tewksbury Heights between Monterey Avenue and Arllington

* Lgnmr‘f‘, E.J.’ and &Jrﬁ-g) C-i.ﬁ’., 198, Faul¥ Acﬁdm’ﬂ[m’, 5&“:&37 &"”f"ﬁ ﬂwm‘_‘,} afﬁf}gmz"q. .
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Boulevard In the Richmond area of Contra Costa County: Unpublishad consult-
ing report filed with the County of Contra osta (AP 791) .

, 1980, Geotechnical Investigation for Parcel B, portlon of Lot 122,
Rancho San Pablo, in the Clty of San Pablo: Unpublished consul ting report
fllad with the City of San Pablo (APF 1186).

Tarrasearch, Inc., 1977, with 1978 addendum, Geologic Tnvestigation on Dame
property, E1 Portal Drive at Road 20, San Pablo, Californla: Unpublished
consulting raport filed with the City of San Pablo (AP# 713).

U.S.,Department of Agriculture, 1939, Black and white aertal photographs, BUU-
E%T serles, flight 289, numbers 67 to 70, 93 to 39, flight 290, numbers 22
t6 26, scale approximately 1:24,000.

U.5. Geological Survey, 1966, Black and white aerial photographs, WRD serles,
flight 11ne 50-6, numbers 3310 to 3345, scale approximately 1:3000.

Woodward-Clyde Consultants, 1978, Phase 111 geologic assessment, San Pablo
Redevelopment Agency Hillslde Nefghborhood, San Pablo, California: Un-
published consulting report filed with the City of San Pablo (AP# 727).

Zickefoose, N,H., and Assoclates, 1974, Proposed Kensington Arts Center, Ar-
lington Boulevard, Kensington, California, geologlical fault study: Unpub-
lished consulting report flled with the County of Contra Costa (AP# 22).

, 1977, Proposed remodeling, 303 Arlington Avenue, Kens fngton,
California, geologic fault study: Unpublished consulting report flled with
the County of Contra Costa (AP 629).

, 1980, Residential lot, Lot k2, "Map of Spring Court', 615 Arling-

ton Boulevard project, Berkeley, California, geologic fault study: Unpub-
1ished consulting report filed with the Clty of Berkeley {c# 377;.

5, Summary of Available Data

The Hayward fault Is principally a right-lateral, strike-slip fault which
extands from Point Pinole Reglonal Shorelline southward towards Milipitas (Rad-
bruch, 1968). Part of the San Andreas fault system, the connaction of the
Hayward with the Calaveras, and aventually, the San Andreas, has puzzled many
for years.

Lawson and others (1908, p. 434) reported that surface rupture occurred

along the Hayward fault In 1868. This zone of rupture axtendad from near Warm
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Springs, In the south, to the vicinity of Mills College in Oakland, "...but
the evidence of 1ts existence to the northward of San Leandro is not very
satlsfactory.' Displacemant of 8 to 10 inches was genarally reported, with

a maximum displacement of 3 feet in Hayward. Louderback (1947, p. 43) con-
cluded, based on a news item in the Oakland Dally News (Nov. 10, 1868), that
another earthquake during June 1836 was accompanied by surface rupture along
the Hayward. This article Indicates that ''there were large fissures In the
earth [In 1868]..." and that "...the [1868] phenomena appear to be a repe-
tition of those observed in 1836, and noted by'pursons residing in the valley."
The 1836 event was felt from San Pablo to Mission 5an Jose. Based on Louder-
back's paper, Jennings (1975) depicted the 1836 rupture as extending from
Point Pinole to Mission San Jose.

The Lawson and others (1908) study of the 1868 earthquake was undertaken
almost 40 years after the 1868 esarthquake occurred. They were unablie to de-
termine the sense of displacement that occurred during the 1868 event. |In
1926, Russe)l described the offset streams, sag ponds and other fault-produced
features along the Mayward. He concluded (p. 511) that the sense of displace-
ment was right-lateral, and that "...in the main the displacement has baen
stow and by small steps...', but that larger, 1868-11ke events had also occurred.
Buwalda (1929), after describing briefly the avidence for vertical (eastern
block up, relatively) displacement along the Hayward fault {largely called upon
to explain the physical positions of younger and older formations on elther
side of the fault zone), concluded that the most recent displacements have been
almost entirely strike-slip. He cites, as evidence against majJor, recent, ver-
tlcal movement, the elevation of an offset alluvial deposit, once a shutter

ridge {now obllterated) which sits at an elavation aqual to that of Hamilton
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Gulch (south of UC Berkeley) which he concluded was Tts source. He also de-
scribes horizontal slickensides in the Lawson Adit (located on the UC campus).
More recant surveys directed at dataﬁtlng'tagionlc creep a]bng the Hayward
have conflirmed that right~lateral, strike-sllip movemant is occurring along
the Hayward (Nason, 1971; Radbruch, 1968; and others).

Buwalda's description of the Lawson Adlit, located just east of the Mining
Bullding, Includas an interesting description of part of the Hayward fault
 zone. According to Buwalda, the 2dlt was driven about 200 feet Into the
fault zone, encounterlng gqouge, breccia, and ,..Intarmingled blocks of sand-
stone and rhyolite.

"In the roof of the tunnel nearly horizontal gravels lle across the

eroded edges of the nearly vertical slices and bands of gouge. While

axposures are somewhat )imited, the surface on which the gravels lie

appears to be nearly flat. Of the vartlcal fault surfaces seen none

apparently passes up Tnto the gravels.”" {(p, 197, underlining added for

emphasis).

Buwalda concluded that these gravels are deposlts from Strawberry Creek which
have baen right-laterally offset along an active fault trace. He does not
Indicate, however, that the adit completely crossed the fault zone.Ananﬁy:édéﬁL
s Lenment and Cortis (1980) e adtahi mf eross Hhe achve frace.

Case (1963) describad several topographic features indicative of right-
lataral, strike-slip faulting along the Hayward. He concluded that, based on
the stralghtness of the mapped traces, the fault plane must be steep to ver~
tical In the ﬁarknlmy Hills area. He notes, however, '"Nowhere within (his)
mapped area has the fault plane been observed."

In 1966, several articles répartlng fault creap on tha Hayward were

published. Radbruch and Lennert (1966a; 1966b) reported on damage to a cul-
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vert constructed In 1923 beneath Memorial Stadium, located about 1/4 mile
south of the Richmond quadrangle. They reported (1966b) that damage was
first detected in 1948 and was repaired at that time. Further damage was
detectad In 1965. They {1966a) calculated a slip rate of 0.11 Inch (0,28 cm)
per year at this site. Bolt and Marfon (1966) described thelr efforts to
detect fault craep ﬁn the campus using crespmeters. However, their moni-
toring data covered only the Iimited perlod of October 1965 to January 1966~
not really long enough to do more than confirm that fault creep probably was
occeurring during that period.

Radbruch (1967) made the first real attempt at a comprehensive study of
the Hayward fault. Her 1967 map was largely a compilation of the results of
the efforts of other workers. I(n the Richmond quadrangle, this Included
only Case (1963), supplemented with har own field work and alr photo inter-
pretation. The scate (1:62,500) of the 1967 map lacked much of the detal!
of her (1968) 1:24,000 scale verslon. The latter map is annotated with
\imited descriptions of fault-produced topography and other data, She cites
that fault creep has occurred disrupting two streets In Parchester Village
and on Fordham Way (see Figure 2). However, it is apparent from this ;tudy
that she made !ittle or no effort to delete from her maps those fault traces
deugkatud by other workers which eithar probably did not exlat or which were
not activa.

Nason (1971) reported evidence for fault creep on Phanor, Banks gnd
Thomas Drives (ln Parchaster Village), on the Contra Costa Collegs campus,
and on Fordham, Arundel and Bowhill southoast of the CCC campus. Based on
the amount of distertion and the ages of the various improvements, Nason

calculated that fault creep was occurring at a rate of about 0.55 cm/year

da



FER YT

at these sites.

In 1973, Bishop, et al.,‘completéd a géclogic report covering the cities
of San Pablo, El Cerrito, and Richmond. Included was a map of active faults
(Bishop, 1973), annotated and similar to Radbruch's (1968) map. Bishop's
fault traces differed from Radbruch's in detail, but, with one exceptich,
were fairly similar. Bishop considered part of the Wildeat Canyon Parkway
and associated cracks in the pavement. Also cited was the linear drainage

d?ﬂ}ﬂ
of Wildcat Creck, and a deflectedﬁForthaast of the Mira Vista Country Club. {E?::é%?
Bishop's (1973) fault data are summarized on Figure 3. Bishop (p. c., 1980)
has re-examined the Wildeat Canyon Parkway site since publication of the
report, and has concluded that the distress observed was probably ﬁot the
résult of fault creep.

During the compilations of the Special Studies Zone Maps (California
Division of Mines and Geology, 1%74a; 1974b; included in this report as
‘Figure 2), Hart {the project supervisor) and the compiler (T-C. Smith) dis-
cussed whether to depict the traces of only one or more of the existing
publicationg. It was decided that since Bighop, et al., (1973) was the
iatest available publication and since they had available to them all the
earlier released work of the other authorg, Bishop's (1973) versien should
be used within the Tri-cities study afea and'Radbggb's {1968) ver=ion used
elsewhere. In any case, the £8Z boundaries encompassed the areas where
traces of the Hayward where shown by either authozr.

on the Richmond S8% map, (see Figure 2#} a "C" =symbol is shown along
the Hayward fault in Kensington. The original compilation mylars are no

longer in the A-P file, and the source of this supposed creep evidence is
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unknown. None of the publications used te prepare the 1974 SSZ map nor any
reviewad during thiz ztudy refer to creep in thisz location. And the auther
{who prepared the original map) does not recall any creep being gited by any
persén in this vicinity.

After the SSZ maps were issued, Radbruch-Hall‘(1974) published an updated
version of her Radbruch[ 1968) map. ©On this wversicn, an additicnal fault
trace was depicted; and along this trace, at Marim Avenue, Berkeley, she notes
fhat a street and sidewalk are distmrted“...dua to landsliding, fault movement,
or both." She also noted an exposure of fault gouge at Berryman Reservolr
along this trace. A second, shorter fault trace is also shown at the reservoir.
Most of these two traces lie outside the present SSE bcundary; Radﬁﬂych—Hall
did not delineate landslide maszsez in the Berkeley Hills; but she does refer
to active landslides in several annotations. Her (1974) fault traces are
shown on Figure 3.

In 1978, Herd completed a map of the northern Haywﬁrd fault =zone. Baséd
mostly on the interpretation of 1923% black and white, large-zcale aerial photo-
graphs (U.S5. Department of Agriculture, 1939}, Herd's version depicts fauit-
produced topographic features. With the exception of references to fault
creep in the Parcheéter Village area, Herd's version makes no reference té
the work of ptheré. Herd's data are summarized in Figure 3.l While Herd
depicts recent landsiides, he does not, for the mést‘part, depict features
which could be fault produced that lie within the landslide areas. At Point
Pincle, Herd departs significantlg from éarlier workers by depicting a fault
trace, on land, within the Mare Island quadrangle. This trace, a few hundred

feet northeast of those depicted by Bishop (1973) and Radbruch-Hall (1%974), alseo

10
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lies outside the 1374 58Z.

The remaining sources of data cited herein are all unpublished censulting
reports, mestly completed in compliance with the SSZ Act (see Hart, 1980).
These reports are indexed by number on Figere 3. 1If significant original
work utilizing definative methods (e.g., trenching) was a part of the invest-
igation, then the results are discussed. Other reports are noted on the map
and tabulated in Table 1. 0Qf the investigations referenced,. five included‘
trenches that could conceivably have crossed fault traces depicted on Figures
2, 3, or &..

Terrasearch, Inc. (1977, with 1973 addendum, mep reference AP 713) exca-
vated a 400-foot long trench which appears to have crosszed one of Radbqich-
Hall's (1974) approximately located tracee. No evidence of faulting of the
s50il and alluvial deposits was detected.

Earth Sciences Aeeocietes {1977a, map reference AP 557; 1977h, map refer-
ence AP 566) and Soares and Associates (1980, map reference AP 1186) all
appear to have trenched across or near several fault traces (see Figure 3).
Neither consultant detected any active faults in the trenches excavated, but
both indicated an active feult paszsed just east of the endz of the trenches.
At both of ESA's sites, the trenches were axcavated in well-~bedded alluvium.

Woodward-Clvde Consultants (1278, map reference AP 727) excavated aseveral
trenches in an effort to detect active fault tracez. Two trenches were ex-
cavated across Bishop's (1973) Wildcat fault. WCC failed to detect any
through-going fault as depicted by Bishop. They did, however, intersect active
faults in six trenches, and identified‘two, relativﬂey narrow, acHirer. fault

zones. Their report, however, was part of a local planning effort, and their

11
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investigation was intended only to provide a refined verslon of the 582 map.

Also, Herd (1978) and Smith (thizs report) determined that much of the ? M

was a landslide mass, including the area where the faults were found. They
concluded that Radﬁ;uch-Hall's (1974) £au}t‘traces were valid, while Bishop's
traces were not found as he shows - them. Unfortunately, their map dﬁes not
show the two active zones identified, but instead only shows air photo line-
ments. Engee, Inc. (19775; maﬁ-refexence=AP 445%) covers a parcel within the
redevelopment area investidated hy WCC, and iﬂete{ed no shear zones in their
trench.

Zickefoose and Associates (1980, map reference C277) dete%%d what  they
determined to be a Hologene or historic fault in an area of recent landsliding.
They could not, however, detect'any through—going air photo lineamentz on the
site. The trench logs, reprodﬁced here az Figures 4 and 5, chument‘anoméldus
condifimns élong a Casfe (1963) fault.

Harding-Lawson Associates (1974, map refersnce Cleg) investiqated-thel
Cragmont School site, adjacent to Radbruch-Hall's (1974) Marin Avenue creep
locality. They reported‘that a linear crack was present in the plavground
surface, extending from the corner of Marin Avenue and Spruce Strzet north-
eastward through the site toward Regal and. They report this crack iz the
northern limit of a large, slow-moving landslide (the Euclid Landslide) and
that the crack through the playground has existed for over 12 years. Esti-
mates of horizontal landslide mﬂveﬁent prior to the paving of the school yard
have been as high as one inch per vear.

Harding, Miller, Lawson & Associates (1972a, map reference C444), detected
two faults in bedrock on the Contra Costa College campus. No young units were

present above the bhedrock, however, the trend and location of the faults was

12
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cloase enough to the Hayward that they considered these traces to be active.
The other reports in the seriez report on other parts of the campus where
faults were found, but determined net to be activé.

In summary, the literature documents the paésible existence of active
fault traces cutside the SSZ established in 1974 near Pinole Point and in
the City of Berkeley. Also, some fault traces shown by Radbruch-Hall (1974,
and earlier versions) and Bishop (1973) apparently do‘not exist or asre not
agtive (e.g., the Wildeat fault). Observations by Buwalda (1929) in the
Lawaon Adit suggest that the Louderback trace of Radbruch-Hall does not dis-
rupt alluvial deposits which may be pre-Holocene in whole or in part. 3And,
Merd {1978) failed to detect any featufés indicative of Holocene faultiﬁg
along the western traces of Case (1963) which pass near Mira Vista School
(in Richmond) and The Cirele (in PBerkelev}, although recent landsliding
could have disrupted the topography sufficiently that even highly active,
Holocene faults would be difficult to detect. Seé item 6 for a further dis—

cugsion of these topics.

6. Interpretation of Aerial FPhotographs; Field Observations

Rerial photographs were interpreted and various sites were field checkéd‘
by the author in an effort to resolve r;cnflicting reports concerning the exigt-
ence of various active fault traces. Specifically field checked were localities

rwhefe evidence for fault creep has beed reported. When vertified, an effort
was made to detect additional evidence for‘féult creap in the vicinity.

In parts of the Richmond and Mare Island quadrangles, the Hayward fault'
trace is fairly well-defined by linear scarpé. deflected drainages, shutter

ridges, gag ponds.and other geomorphic features associated with active right-
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TABLE 2, Description of Evidence for Fault CLreep in the Richmond
Quadrangle (rafer to Figure 7).

R-1 U.S. Geological Survey San Pablo Alignment Array, Installed In 1966,
shows offset between monuments SPAA 9 and SPAA 12. {Observations
made without the beneflt of surveylng instruments.)

R-2 Curbs on both sides of Banks Drive are right-laterally offset in
front of #612 and #613. The street has been patched several times
between the two curbs, Indicating problems with underground utjti-
ties periodically occurring (B+ quality).

R-3 Curb and sidewalk in front of #704 Phanor Drive Is offset right-lat-
erally, and the driveway is badly broken. The driveway, walk and
curb in front of #705 has been replaced, but the curb between #701
and #705 shows a distl gt right-lateral bend. The driveway pavements
of bath #701 and #705i2i s1lghtly broken. The east walt of #704
shows an obvious bend. Left-stepping, en echelon fractures (2 ordars)
are present In the street pavement In tine with the curb offsets (A
quality),

R-4 The south curb In front of £712 Thomas Drive |s right-laterally off-
set; sidewalk blocks are rotated clockwise; and there Is a sag In
the adjacent pavement. The driveways of #712 and #800 are resisting
the ground movement, appearing to have been pushed out Into the street;
the concrete sactions in these driveways do appear to be rotated clock-
wise. In front of #713, the north curb and sidewalk are right-lat-
erally offset. Some left-stepping, an echelon fractures were observed
adjacent to the north curb, but are roughly paraliel to the street,
not the trend of the fault, A fence between #709 and #713 appears
to be slack and may be right-laterally offset (A qual fty),

R-5 The house at #801 Payne Court is being puiled apart. The northwest
wall of the house has been puiled away from thes foundation as evi-
denced by an opeming In the garage slab (B quality).

R-6 in front of and just east of #803 Payne Drive, the north curb and side-
walk Is distorted. Cracks hetwsen the sidewalk and curb sections Indi-
cate extension. Right~lateraliyoffset curb located about two feat sast
of driveway. A concrete gutter on the esst sida of the driveway ls
severely broken. The south curb and sidewalk bs, broken by tree raats,am{
pushed up about one foot Into the air; however, a right-lateral 3¢ of f-
set was apparent In the driveway (behind 4213 McGlothen) (B quality).

R-7 Driveway in front of #4201(?) McGlothen Way appears to have been ra-
placed, but the new pavement was paured with a right-lateral jog on
the north edge. Driveway in front of #4205 shows a definite right-

se page z3 &iu.é’.,zi Aitimirono .

16



FER 101

lateral bend. The curb and sidewalk on the northwest corner of
McGlothen and Bradford Drive ﬂ@frﬂtated and buckled slightly, with
minor spalling of the concrate curb, The concrete gutter across
McGlothen shows a definite right-lateral bend, and left-stepping en
echelon fractures were observed about 2-1/2 feet north of the point
of offset, trending toward the offset. The southwest corner of tha
intersection also Is distorted, with left-stepping, en echelon frac~
turas in the pavement passing about 3 feet esst of the curb. The
curb In front of #4116 HcGlothen fs rlght-laterally offset, Indica-
ting the zone of disturbance may be as wide as 20 feet here, The
driveways in front of #4112 and #4108 are right-laterally offset

(A quality).

R-8 Sag In an old fence on trend with scarp {¢ quality).

R=3  Narrow { 15 Inches wida) zone of left-stepping, en echelon fractures
in asphalt pavement In front of #thlé Miner Avenue. Curb In front
of #1416,41500 and #1510 (west side} show clockwise rotatlon and ex-
tensfon. ODriveways of these three homes are very broken. The curb
betwaan FI415 and #1409 s rotated clockwise and has been extended,
Two small brick walls hetween #1409 and #140) are distorted, one ap-
pears to be right~laterally offset, the other may be affected by non-
tectonic pressures. Curbs on the east side of the street northward
to #1310 show some evidence of extension (B+ quality).

R-10 The south curb and sidewalk between #1506 and #1910 Miner Avenue
are right-laterally offset; extenslon is Indicated by open cracks
between sections of sldewalk, Likewise, the curb batween #1901 and
#1907 is right~laterally offset. There Is a zone of left-stepping,
‘an echelon fractures in the street pavement in front of #1906 and
#1907 on trend with the offset of the curbs. The garage wall of #1901
shows a distinct right-lateral bend, and the driveway has been partly
rapaved (A quality).

R-11  The foundatlon and driveway of #1925 Wanlass are vary broken as are
' the curb and street gutter in front., The drivewsy appears to be

"pushed' out Tnto the street. The driveway of #1929 is broken up,
and the garage door frame is badly racked out of plumb. The public
sidewalk in front also shows evidence of clockwlse rotatlion., The
sldewalk In front of #2998 - 20th Street is spalled, and cracks are
evident around the windows of tha house. Street pavement Is very
coarse~no crack pattern observed (8 quality).

R=12 Curb about 100 feet northwest of the fountaln {Contra Costa College)
on the east corper of the bus loop and the road leading to the Voca-
tional Arts Building shows avidence of rotation and extension, but
the structural integrity of the curb {s preventing clean displace-
ment., The curb on the other slde of the Vocatlional Arts access road
s spalled (indicating compression) and out of allignment. A creek
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¥ and has o
adjacent, fow partly buried_under a parking lot, Js-deflected right-
laterallyfabout 20 feet away from these points) (B quality),

Abemd ( deflected d’hsti#d!ﬁ' L

R=~13 Unmortared brlqy pavement around fountain is slightly undulating and

shows compressing (roughly N=$ direction). The sidewalk near the
southeast corner has been cut with a saw, and the saw-cut has been
rlg?tvlaterally offset along a joint near the end of the cut (B qual-
Tey).,

R=14 Curb In parking lot shows evidence of east-west sxtension and a
slight, right-lateral offset (curb does not appear in the WRD photos
[V.5.6.5., 1966]). On the east side of a campus access road, the
curb and & fence between the CCC campus and E1 Portal School are
offsat right-laterally (8 quality). ‘

R=-15 El Portal School. A narrow zone of left-stepping, en echelon frac~
tures (4 orders observed) is present near the northwest (rear) cor-

11¢w¢gfuuﬂ¢£b ner of what is probably a large multi-purpose room. The sidewalk
z?yQMJfbé!fWh&J near the front door is right-laterally offset and rotated clockwl se,
elockwise -as [ndicated by & zone of cracks extending from a window in the south

wall to the southwest corner of the bullding where an offset of sev-
eral inches is apparent. !t appears the roof is stll) attached to

the main structure, but the foundation of the wast wall |s baing pulied
away. On trend to the south, two sidewalks are rotated and right-#at-
erally offset. Newer, wadge-shaped pieces of concrete have been In-
stalled to fill gaps in each watk (A quality).

R-16 The #ast fence behind El Portal School near the southeast corner of
the schoolyard appears to be right-laterally offset. (C quality).
(Two sags in the fence are present further north,jser show o offses),

Note on background '"'nolse'' in the area of R=17 to R-20: In this development,
low rolling curbs were Installed, In walking around the area, it was com-
monplace to see cars and trucks parked on the curbs and sidewalks. Thus,
many walks and curbs were depressed or broken,

R=17 In front of #2437 Bancroft Lane, the west curb and sldewalk appears
to be offset right-laterally, and there is a sag In the walk. A
private sidewalk In front of #2438 appears to be right=laterally off-
set, and the foundation of the house s cracked. Distortlion was ap-
parent at varlous places along the west curb between #2437 and #2455
(C quality).

R-18 The north curb of Bowhlll Lane In front of #2775 Is right-laterally
offset several inches, and left-stepping, en echelon fractures were
noted in the street adjacent. The south curb has been replaced along
with the driveways of #2772 and #2778 (p+ quality).

R-19 The west curb of Fordham Drive may be right=laterally offset between
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#2511 and #2409, but Is not clearly so. Sag In gutter and walk,
but several tire tracks noted on curb and walk. First reported
by Nason (1971) {C quality),

R-20 Adjacent to 2800 Arundel Way, the south curb s deformed. Curb
appears to br rotated clockwlse, but was constructed on a stight
bend in the street. Extension Is Indicated by I+ inch gap be-
tween curb sections (B quallty).

' a i

R=21 At the end of Hearst Avanue, thréfii/ei&/;ih%lon fractures In

~ the pavement (C quality). No curbs present.

/9
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Table 1. Summary of results of congultants' investigatione. = L 5 7

p— | METHODS USED
FIIE o , Seigmic gther Air Thote . Visit Literature Was act:.ve
NOMBER AUTHCR & DATE 'I*renching Refraction Mathods* Interpretation Site Review fault found? c::mnents i
4P 17 ¢ Engeo, 1974 XX * BH RS « S Tyt X, I No :
. . ; . v v : . ,
AP 22 ¢ Zickefoose & Assoc, 197h ‘ limited . 3 .. ... C ML UER S & .. X : ¥o « Four, very short "test
: : . . . . . H : +  ditches"excpvated.
. _ . . : : : : . . Site ccvere;i_Lhy 10 to 28 It
AP 245 . Earth Scliences Assoc; 1974 . . - S & BRI+ S .. . Yas * of f1l11; sirphotos & 1lit.
. : . : i * . Inot definitivéjused to locate fault.
AP 328 © Engeo, 1976s 2o s : U+ AU DoXX i XX 1. Fo :
: : o : : : : : ; :
AP 331 © Engec, 1976b 3 BT ¢ * BH. . XX XK e B SO S
: : —+ : — : I
: . . . . . - * Reports RL offset of curb &
AP 350 5 Hasllenbeck-McKey, 19758, - - L : o R « 93 XX .. .e .. Ba.. ... ..+ displaced staircase near cor
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;ateral faulta (see Figure 6). In some locations, clear evidence of continu-
ing fault creep are present, as well (see Table 2 and Figure 7). chéver,
much of the area hetween UC Berkeley on the south and Camp Herms on the norht,
as wéll as a few smaller areas even farther north, has been,ghbjected to large-
ggale landsliding. During the field reconnaissance, some evidence of continu-
ing landslide movement was ﬁcted. One of the méjor difficulties encountered
was distinguishing landslide-produced featﬁres fr@m fault-produced topography.
Features such as sag ponds, scarps, and foset'drainageﬂ can be produced by
either landslide or fault movement. Even left-atepping, en echelon cracks in
pavement and rightﬂlaterallf offset curh= can be pfoduced along the riqhtl
margin of a landslide block or even within the landslide area. Thus, care
must be exercised in determining whether or not such features are produced by
faulting, in part or in whole.

At the same time, one must not be too quick in assuming that displaded
curbs and cracked pavement and foundations in areas mapped as landalides are
all land=slide caused. Whep distress is noted, the area around the locality
mast be garefully checked in order to determineithelprobable cause. During
thiz study, in the area just north of the UC campus, several zones of dig-
tress were noted, While some of these zones appear to be well-defined, linear
(frequently curvilinear) zonez of deformation, they frequently eifhé% have a
significant vertical component or lack clear signs of riéﬁﬁ:1ateral movement.,
Atitributed to landslide movement, the abundance of these disfurbed.areaa {some
of‘which are shown on Fiéu;e 7) makes it difficult, if not impossible, to
detect fault creepn in Zaveral areas.

B

For ease of discuszion, the fault data are addressed in three groups or
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zegments — the neEEﬁﬁggk gegment (northwest of St. Joseph's cemetary); the
éentral gegment (Camp Herms tﬁ 5t. Joséph's cémetary){w§hd the southern
segment (Camp Herms to UC campus). Briefly, the northéfn segment is typified
by fault creep in an alluviated area; the céntral zegment is typified by a
fairly well-defined line of topographic features'but lacking evidence of fault
creep; and, the southern segment is typified byllarge landslides and down-

slope movement that obscure both geomorphic and fault creep evidence.

7

The Nortﬁérn Segment

Clear evidence for fault creep is present in many places in the north-

ern segment. Four A quality® sites were located in‘thia?gegment. Two of :
2 &
. ‘e , ‘ 2 .
thege were located in Parchester Village (see FlgurealtES R-3 and R=-7),
h ‘ . a :
another of Miner Avenus (R-10), andAfOurth at El Portal School (B-15). These
sites are fully described in Table 2. Most often these sites coincide with
. ; a;‘p—?‘ﬂm MJF

the geomorphic features depicted by Herd (1978) or Smitha(this report, Figure 6),

or the faulta shown by Radbruch (1974) or Bishop (1973). However, none of these

*  The guality ratings consider the level certainty, type and magnitude
(relative to background "neoise") of the fault creep data. "A" quality sites
are those where virtually all man-made features show the effects of fault
creep, and two or moré types of evidence (e.g., offset curbsz and left-stepping
en echelon fractures in pavement) support fault creep. "B" quality sites are
those where one or more of -the above factors is absent. For example, a site
where one curb is offset, some en echelon fractures are cbsarved, but the
ather curb is not offset would be a "B" quality site. "C" guality site are
thoze where only one line of evidence is present. For example, a locality
having one &ffzet curb (if the offzet iz significantly larger than the back-
ground "noise") would be a "C" quality site.
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xeferences Shbwlfault traces thrbugh every valid créep locality.

It appears that inlthg vicinity of Rolliﬁqwood brive, fault creep is
"stepping over" from one trace to énother. In this area, a low hill was
noted on U.S.D.A. {1939) rhotographs (see ﬁigure-ﬁ)'suggesting that a
preésure ridge was forming in the alluvial plaip.

All the fault creep localities verified lie within the present 852
(CDMG, 1974b). However, the air photo data deveioped {Figufe 6) aupports
the work of Herd (1978) north of Parchester Village, strongly suggesting

that the Havward fault extends {(on land) into the Hare.Island guadrangle.

The Central Segment

The central segment is characterized by a narrow zone of fault-produced
topography (see Figure 6). The connection of this zone with the northern
segment is obscured by landslides that are still moving, at least in part.
Field checking of the many streets in this hill area for evidence of fault
creepr failed to fin& any damage that could not reasonably be attributed to
non-tectonic causes.

Caze (;963) shows two faults in this segment. Other authorsz (Radbruch-
‘Hall, 1974; Bishép, 1973) have followed Casze's lead and have depicted two
fault strands, also. The geomorphically weli-defined trace is the eastern
trace. The western trace lacks through-going, wéll-dafined features indica-
tive of recent faulting. Instead, the terrain has a hummocky, Franciscan-like
appeayance suggesting that the few minor, discontinous features present (such
as saddles, notches and breaks in slope) might well be the product of differ-
ential wéathering or downslope movement. Therefore, the features are not
definitive with feap&ct to recency of faulting or even the presence of an old

fault.
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The Southern Segment

Mapping of the Hayward fault in the southern segment is madé extremély
diffieult by massive landslide=s, many of Whiéh are still active. Moat authors
agree that the fault is probably a single =trand in the area 3just south of and
near Camp Herms. However, various interpretations exiat as to the location of
the fault further to the south in the landslide area. Case's (1963) trace
generally fDliowé the tpes of the large landslide masses =couth of The Cirele.
Radbruch-Hall's (1974) eastern trace appears to have heen drawn with a
straight edge to connect three data points. The central point, on Marin Avenue
near Cragment School, was carefully examined. As noted earlier, Radbruch-Hall
reported that either fault creep, landslide movement or both was causing daﬁage
in the area. &n examination of the area was made by‘Smith, and later by Bmith
and Hart, and it appearé the damage is most‘probably the result of land=zlide
movement. In fact, it may well be that some of the:;j-inch "displacement"
reported by Lennert and Curtis ({(1379) was actually fﬁe result Df the curb being
constructed with a alight bend. In any case, one c¢an argue that the zone of
major disturbance does not trend aléng or parallei £o RadhruéhQHall's trace;
driveways, sidewalks, and curbs on the southwést side of Santa Barbara Avenue
are disturbed enough that; if fault creep were the cause, the zone would have
to be delineated as trending almost due south to account for the damage.

.The area from Camp Herms to UC was examined closely for any eﬁidence of
fault creep. Much damage to curbs, strgets and buildings was found, but often
a significant vértical {downslope) compeonent was evident. The magnitude and
pattérn of all damage detected was consistent with what one would expect from

landslide movement. In general, the damage cccurred in broad, non-linear zones,
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although arcuate zones of damage was noted aloﬁ;bthe toes of some of the &lide
mazzeg. Indeed, the magnitude‘and'quantity of the landslide damage WOuld‘most
likely mask any faultfcreep evidencé, if faﬁlt‘cfeep cﬁuld_indeed Propogate
through presently the moving landslide masses.

Herd (1978) chose to not show any possible fault traces in the landslide
area. Interpretation of aerial photographs revealed that some features that
could be the result of recent fault movement de exist; however, these features
are much less well-defined than those in the central segment. The "éoftening"
or partial obliteration of sharp, micro-topographic features would be expected
to occur in an ﬁrea of current landslide movement.

Urbanization is another process adding to the obliteration of fanlt-prod-
uced topographic features. Indeed, no exposures exist (in the urban area) that
would allow one to discredit any of the faults referenced given the time allotted
for the completion of this study} Indeed, in all likelihood it would be impossible
to disprnve'ﬁhe‘existence of an active fault along éﬁy postulated trace (even
‘one drawn in a random fashion) even with extenszive field work and excavation
since datable, recent, stratigraphic horizons are lacking in this area. However, no
geomorphico avidenqe was found to indicate the Case (1963) or Loudérback traces

LY
shown by Radbruch-Hall (1974) are active or through-going faults.

The "Wildcat fault"

As noted earlier, Bishop (1973) depicted part of the Wildecat fault as active
based on the linear course of Wildcat Creek, one possible offset stream, and a
posgible creep site. True, Wildcat Creek has a generallg linear course, howaver,:
most tributary streams and drainages, and intermediate ridge spurs, lack any

evidence of offset. As noted earlier, Bishop (p.c.) revisited the site of the

26



FER 1o}

EARTHQUAKE EPICENTERS 1800-1974

OF A BUALITY ACCORDING TO CATALGG SOURCE
| - EARTHGURKE CARTALOG EDITION I
CALIFORNIA OIVISION OF MINES AND GEOLOGY
TRRNSYERSE HERCRTOR PROJECTION
SCALE = 1/250000

MAGNI TUDE

Q [ BN B B BN U.G Tﬂ U.g
0 [ BN N I BN 1.0 Tﬂ t I.g
o ..'._- 2.0 Tﬁ . 2.9

-

veee. 3.0 TO 3.9

.eeee 3.0 7O U.9°

o 4 8 mfes

| i 1

(I) 5 P M‘s
SCALE

Figure &. Locations of "A" quality earthquake epicenters
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postulated fault creep and has concluded that fault creep is not ooourring.

smith (this report) also examined the site and concurs.

7. Belsmicity
fhe Hayward fault has long been documented as seismically actiﬁe. As
noted earlier, major earthquakes occurred in 1868 (Lawson, and ntheré, 1980)
and 1836 (Louderback, 1947). Real, et al. (1978, see Figure 7) have documented
a zone of seismicity along the Hayward fault. Most of the epicenters are cal-
culated to lie on or slightly east of the trace of tha Hayward as shown on most

maps.

8. Conclusions.
That the Hayward fault is seismically active has been demonstrated. The
liferature also provides sufficiently detailed descripticns‘to document sur-

- face fault movement during 1868 (Lawson and others, 1908) and fault creep in
some areas (Nason, 1971; Radbruch-Hall, 1974). However, investigator=s differ
on juat where'the active traces of the Hayward fault are lgcated, and how many
guch traces exist in the study area.

Certainly, the dncﬁmEnted creeping traces are active. And, it appears
that in the vicinity of Rollingwood Drive, either the ereeping trace is not

.a straight line or that fault creep is "steppiﬁg over" from one trace to
another. Thus, as has been documented in the Hayward area (Nason, 1971),
more than one creeping fault can exist .in an area. One cannot assume that
the creeping faults include all of the active Eraaeﬁ; however. Through
interpretation of aerial photcgraphs,lSeveral probable active fault traces’
have been identified based on recent geomorphic features generally aszociated

with active faults. Most of the creep sites lie alonyg those traces as shown
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by Herd f1978) ar Smith (this report).

As noted earlier, previous workers (Radbruch, 1968; Radbruch-Hall, 1974;
Bighop, 1973) have relied heavi;y on the work of others in the compilation of
their data, and appear to have been reluctant to omit traces mapped by others
even though the traces lacked good evidence of Holocene activity. ConSultiﬁg
reports by Woodwardfclyde (1978) and Earth Science ASSQciates {1977b) have

demonstrated that active faults can be found in this area although they may

‘not be found precisely where published literature shows them to be. Eecause

of the density of urban development and its modification of the landscape,
the interpretation of aerial photographs (especially old photos) appears to
be the most useful tool available for a regional study such as thi=z (except .

where fault éreep is found). However, even if the interpreters are highly

'skilled, the actual location of an active fault may differ by a couple hun-

dred feet from the feature delineated.

North of the Berkeley Hills, workers have clearly and conclusively doeu-

mented fault creep. The middle zegment (see item 6 above) does have a fairly

weil-defined, relatively narrow zone of features that probably are dué to

v

recent faulting; these have been delineated by Herd (1978) and Smith {this -

report). Other traces of the Hayward mapped by Case (1963) and subsequent

workers lack good evidence of a through~geing, recently active fault. The

Wildcat faﬁlt also doez not appear to be activelin this area.

Along the southern segment of the Hayward fault, the geomorphic features
indicative of recent faulting are less well-defined., Field checking has shown
that urban improvements are commonly distressed as a result of downsiope move-

ment. Discerning whether a geomorphic feature, a broken curb, ete., or even

a plane of displacement (e.g., identified in a trench) is landslide caused
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(or modifiaed) or fault ﬁaused may be virtually impcssible in the study of
individual parcels of land. Indeed, it may well be that the landslidez are
moving downslope at a rate sufficient that creeping faults canno£ propogate
tb €£e surface through the landslide mass. It may be that the "true™ active
tréte'of the Hayward in this area will only he identified after the nextlmajor

fault rupture event.

9, Recommendations.

The Specilal Studies Zones along the Hayward fault should be revised, using

the work of Herd (1978) and Smith (this report} as the primafy sources of

fault data. The 532's should be drawn such that all faultiproduced topography

shown by these two references are included in the zone. All soft data (e.qg.,

. tonal lineaments, breaks in slope) should necessarily be included in the zone

only iflthey are aligned with more definitive features. Well-documented creep

localities should be identified on the map (see Figure 7 for recommended versior).
All traces shown on the 1974 Special Studies Zones maps of the Richmond

and Mare Island gquadrangle that do not coincide with the above described traces

should be deleted, including the Wildcat fault of Bishop and the Case and

Louderback traces.of Radbruch (1968).

10. Prinecipal investigatbr: date.
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